The Epstein-Barr virus (EBV) BZLF1 gene product, Zta is able to trigger the viral lyric cycle in latently infected B lymphocytes. Investigations into regulation of the promoter, Zp for the BZLF1 gene in B cells have identified 12-O-tetradecanoylphorbol 13-acetate, antiimmunoglobulin and Zta responsive elements as well as a negative regulatory element within Zp. EBV infects and replicates within squamous epithelial cells and there is evidence to indicate that EBV gene expression is linked to the differentiation status of epithelial cells. We have investigated regulation of Zp in undifferentiated and differentiated cells of the human squamous epithelial cell line SCC12F. Zp was found to be active in SCC12F cells and activity was increased approximately 7-fold upon induction of epithelial terminal differentiation. Sequences responsive to epithelial cell differentiation were contained within the region of Zp from -86 to + 12 bp, a region previously shown to contain an AP-1-like binding site, designated the ZII domain. In addition, enhancing sequences were detected in the region -221 to -86bp. These studies will lead to a greater understanding of differentiation-linked EBV gene expression in human squamous epithelial cells.
Introduction
Epstein-Barr virus (EBV) is a ubiquitous human herpesvirus: approximately 90% of the adult population worldwide is infected (Niederman et al., 1970) . Primary infection is usually asymptomatic; however, in some individuals, usually adolescents, it can cause infectious mononucleosis (Henle et al., 1968) . Initial infection is followed by a lifelong persistence of the virus within the host with intermittent periods of virus shedding (Golden et al., 1973) . EBV persistence is believed to play a role in the pathogenesis of a number of human malignancies including Burkitt's lymphoma and nasopharyngeal carcinoma (reviewed by Miller, 1990) .
EBV can infect and replicate within B lymphocytes (Pattengale et al., 1973) and epithelial cells (Sixbey et al., 1984) . Replication in, and subsequent shedding of virus from, epithelial cells at the body surface into body fluids provides for an efficient mechanism of spread from one individual to another. Following transmission and * Author for correspondence. Present address: Department of Histopathology, King's College School of Medicine and Dentistry, Bessemer Road, London SE5 9PJ, UK. Fax +44 171 46 3670. replication within epithelial cells, EBV can infect B cells, in which it is believed to persist in a latent form (Niedobitek & Young, 1994) .
EBV can transform B cells in vitro into continuously proliferating lymphoblastoid cell lines (LCLs; Pope et al., 1968) . In some LCLs all cells are latently infected whereas in others the majority of cells are latently infected with a small fraction being permissive for lyric infection-the proportion of lyrically infected cells can usually be increased by treatment with various reagents that cause B cell differentiation (Crawford & Ando, 1986) including the phorbol ester 12-O-tetradecanoylphorbol 13-acetate (TPA; zur Hausen et al., 1978) , butyrate (Luka et al., 1979) and anti-immunoglobulin (Tovey et al., 1978) . Latently infected lymphoblastoid cells express a limited number of EBV genes including EBV nuclear antigens (EBNAs) 1 to 6, latent membrane protein, terminal proteins 1 and 2 and two small RNAs, EBERs 1 and 2 (reviewed by Kieff & Liebowitz, 1991) , whereas an estimated 100 or more viral genes are expressed during the lyric cycle of infection (Keiff & Liebowitz, 1991) .
LCLs as well as latently infected B cell lines derived from EBV-posirive Burkitt's lymphomas have been used extensively to study the genes involved in the switch from latent to lytic cycle EBV gene expression. It has been shown that the product of the BZLF 1 gene alone is able to trigger the viral lytic cycle when transfected into latently infected B lymphocytes, indicating that at least one of the initial events in the lytic cascade is activation of BZLF1 transcription (Countryman & Miller, 1985; Chevallier-Greco et al., 1986; Takada et al., 1986) .
Regulation of the promoter for the BZLF1 gene (Zp) has been studied extensively by several groups. Two distinct types of TPA-responsive element have been defined in B lymphocytes: the ZI repeats which contain AT-rich sequences and the ZII domain which contains an AP-l-like binding site (Flemington & Speck, 1990a) . Zp also contains two juxtaposed sequences, ZIIIA and ZIIIB which are responsive to the BZLF1 gene product Zta (also referred to as EB1 or ZEBRA; Flemington & Speck, 1990b) . ZIIIA contains an AP-l-like binding site responsive to TPA, whereas ZIIIB bears no detectable similarity to previously described Zta-binding domains (Flemington & Speck, 1990b) . Two Zta-responsive elements within Zp have also been demonstrated in the epithelial cell line HeLa, with one of the elements containing an AP-l-like binding site (Urier et al., 1989) . A negative regulatory element has also been identified within Zp in B cells, HeLa cells and BALB/3T3 cells (Montalvo et al., 1991) . Investigation of Zp activity in B cells with particular reference to responsiveness to antiimmunoglobulin has identified three regulatory regions: region I has a negative influence on Zp activity, region II contains an anti-immunoglobulin responsive element and region III contains a Zta-binding domain (Shimizu & Takada, 1993) .
EBV can infect and replicate within the squamous epithelia of the oropharynx (Sixbey et al., 1984) , uterine cervix (Sixbey et al., 1986) and male genital tract (Israele et al., 1991) . In addition, there is some evidence to suggest that EBV gene expression is dependent upon the differentiation status of the epithelial cell (Sixbey et al., 1983; Sixbey, 1989; Li et al., 1992) . Sixbey et al. (1983) detected EBNA in mitotic cells within epithelial cell sheets and early antigen (EA)/viral capsid antigen (VCA) in exfoliated cells collected from the culture medium. In addition, EBNA was detected in epithelial cell populations enriched for the undifferentiated phenotype, whereas populations enriched for the differentiated epithelial cell were EA-D positive (Sixbey, 1989) . In a study carried out by Li et al. (1992) , the human squamous epithelial cell lines SVK and SCC12F were transfected with a B lymphocyte EBV receptor (known as CD21 or CR2) and subsequently infected with EBV. In largely undifferentiated epithelial populations, EBV gene expression was limited to EBNA-1 and EBERs 1 and 2, whereas BZLF1, EA-R and VCA expression were detected following induction of terminal differentiation.
To (Rheinwald & Beckett, 1980 ). Here we show that Zp activity is dependent upon the differentiation status of the SCC12F epithelial cell, and that a differentiationresponsive element or elements reside within the region of Zp from -86 to + 12 bp, a region previously shown to contain an AP-l-like binding site (Flemington & Speck, 1990a) .
Methods
Cell culture. SCC12F is a human immortalized, non-tumorigenic epithelial cell line derived from a squamous cell carcinoma of the facial epidermis, which differentiates and stratifies to a near normal extent in culture (Rheinwald & Beckett, 1980) . SCC12F cells were grown in the presence of a feeder layer of 3T3 cells (clone J2) pretreated with 4 lag/ml Mitomycin C (Sigma) for 2 h (Rheinwald & Green, 1975; Rheinwald, 1980) . The culture medium consisted of three parts Dulbecco's modified Eagle's medium plus one part Ham's F-12, supplemented with 1.8 × 10 -4 M-adenine, 5 lag/ml insulin (Sigma), 0-5 ~tg/ml hydrocortisone (Calbiochem) and 10 % fetal calf serum (Sera-lab). Cultures were seeded at 10 ~ cells per 10 cm Petri dish (Bibby) and incubated at 37 °C in a fully humidified 5 % CO~ atmosphere. Medium was changed twice weekly.
Plasmids. The Zp chloramphenicol acetyltransferase (CAT) constructs -221 Zp CAT, -105 Zp CAT, -86 Zp CAT, -65 Zp CAT and BS-CAT have been described previously (Flemington & Speck, 1990a, b) . pIEP1 CAT was the generous gift of Dr J. H. Sinclair, University of Cambridge, UK (Shelbourn et al., 1989) and pCMV fl-gal was supplied by Stratagene.
Transfeetion. SCC12F cells were transfected using Lipofectin Reagent (Gibco BRL). J2 3T3 feeder cells were removed from subconfluent SCC 12F cultures by treatment with EDTA. SCC 12F cells were cultured in the reduced serum medium Opti-MEM I (Gibco BRL); after 2 h this was replaced by a mixture of Opti-MEM I, Lipofectin Reagent and plasmid DNA (1 ml Opti-MEM I containing 30 pl Lipofectin Reagent was mixed with 3 ml Opti-MEM I containing 10 lag CAT construct plus 1.5 ~tg pCMV fl-gal; after 15 min at room temperature the mixture was added dropwise to the culture of SCC 12F cells). After 5 h incubation the cells were washed twice with phosphatebuffered saline (PBS) and then placed in culture medium for 24 h. Cells were then harvested using trypsin-EDTA. [The reporter plasmids, pCMV ~-gal and pIEP1 CAT contain a truncated form of the human cytomegalovirus major immediate early promoter upstream of the gene encoding fl-galactosidase and CAT, respectively-fl-galactosidase expression and CAT activity (see Table 1 ) were found to remain constant during differentiation of the SCC12F epithelial cell line. The pCMV flgal construct was included in the transfection protocol to allow determination of transfection efficiency and therefore enable a quantitative comparison between experiments.] Induction of terminal differentiation. Transfected SCC12F cells were induced to terminally differentiate by suspending them in growth medium made viscous by the addition of methylcellulose (4000 eentipoises; Aldrich) to a final concentration of 1-44 % (Green, 1977) .
A single cell suspension, previously sieved through a 60 pm Nitex nylon monofilament cloth (Cadisch and Sons, London, UK) was prepared at l0 s cells/ml in culture medium. Cells were seeded at l0 s cells per ml methylcellulose medium into bacteriological Petri dishes coated with polyHEMA (Hydron Laboratories, New Brunswick, USA) to prevent cell adhesion (Folkman & Moscona, 1978) , and incubated at 37 °C in a fully humidified 5 % CO s atmosphere. At various times, cells were harvested by diluting the methylcellulose with PBS and recovering the cells by centrifugation. Samples of cells were taken for measurement of fl-galactosidase activity and CAT assay, and for staining with antiinvolucrin antibody.
CA T assays. CAT assays were performed essentially as described by Gorman et al. (1982) . Cells were washed twice with PBS and resuspended in 70 pl 0.25 M-Tris-HC1 pH 8'0. Cells were either stored at -70 °C or assayed directly. The cells were subjected to three freezethaw cycles: cells were frozen in dry ice, thawed at 37 °C, then vortexed. The extract was then spun for 10 min in a microcentrifuge at 4 °C. Aliquots of extract were stored at -70 °C for ~-galactosidase activity and CAT assay. Portions (70 pl) of reaction mixture containing 50 pl 0-25 u-Tris-HCl pH 8-0, 5 gl [~4C]chloramphenicol (0.025 mCi/ml; Du Pont) and 15 gl n-butyryl Coenzyme A (5 mg/ml; Pharmacia) were mixed with 50 ~tl extract and incubated at 37 °C overnight. Chloramphenicol and its acetylated products were extracted with 500 gl ethyl acetate and evaporated in a speed-vacuum centrifuge. Dried samples were suspended in 20 gl ethyl acetate, spotted on thin-layer chromatography (TLC) plates (Camlab Ltd, Cambridge, UK) and resolved by ascending chromatography in chloroform-methanol (97:3, v/v) solvent. TLC plates were dipped in enhancer [9 parts 2-methylnaphthalene (Aldrich), 1 part xylene (Sigma) plus 0.2% 2,5-diphenyloxazole (Sigma)], allowed to dry, then exposed to X-ray film. Transfection efficiencies were standardized following determination of fl-galactosidase activity-all samples spotted on TLC plates contained 0.8 milliunits fl-galactosidase activity. Percentage acetylation was determined by scraping the silica gel off the TLC plates into aqueous counting scintillant (Amersham) and counting in a Beckman LS 6000 IC scintillation counter.
fl-Galactosidase activity, fl-Galactosidase activity was assessed using a Promega kit in which fl-galactosidase hydrolyses O-nitrophenyl fl-Dgalactopyranoside (ONPG) to O-nitrophenyl. Essentially, 10 gl cell extract was diluted to 50 pl with 0.25 M-Tris-HC1, pH 8-0 and mixed with 50 pl assay 2 x buffer (containing ONPG) in a 96-well plate. Following incubation at 37 °C for 30 min, the reaction was stopped by the addition of 150 pl 1 M-sodium carbonate and the A40 ~ read in a Dynatech MR5000 96-well plate reader. A standard curve was set up at the same time using the fl-galactosidase provided, and units of flgalactosidase activity present in the cell extracts were determined.
Antibodies and indirect immunofluorescence. Rabbit antiserum to human involucrin was the generous gift of Dr F. M. Watt, Imperial Cancer Research Fund, UK (Dover & Watt, 1987) , and fluoresceinconjugated goat anti-rabbit IgG (GAR-FITC) was supplied by Sigma. SCC12F cells were air-dried onto coverslips and the binding of involucrin antiserum to the cells was visualized by indirect immunofluorescence. Cells were fixed with 3.7% formaldehyde in PBS for 10 min at room temperature, and then permeabilized with absolute methanol for 5 min on ice.
Cells were incubated with anti-involucrin antibody for 1 h at room temperature, washed extensively in PBS, and then incubated with GAR-FITC (diluted 1 : 50 in PBS) for 1 h at room temperature. The cells were washed in PBS, mounted in glycerol-PBS (1:1) and photographed using a Leitz Diaplan microscope. The percentage of involucrin-positive cells was calculated from photographs. A minimum of 200 cells was counted per sample.
Results

Zp is active in SCC12F cells
To determine whether Zp was active in the SCC12F cell line, subconfluent cultures were transfected with a CAT reporter plasmid containing the BZLF 1 promoter (-221 Zp CAT) and CAT activity was assessed 24 h later. The high expression plasmid pIEP1 CAT and the promoterless plasmid BS-CAT were included as controls. Results shown in Fig. 1 are representative of three separate experiments and indicate that -221 Zp was active in SCC12F cells-CAT activity was undetectable when B S-CAT was transfected into SCC12F cells whereas 4 % acetylation was observed following transfection with the -221 Zp CAT construct.
Zp activity is dependent upon the differentiation status of epithelial cells
T o d e t e r m i n e w h e t h e r -2 2 1 Z p a c t i v i t y c h a n g e s w i t h e p i t h e l i a l cell d i f f e r e n t i a t i o n , S C C 1 2 F cells w e r e t r a n sf e c t e d w i t h t h e -2 2 1 Z p C A T c o n s t r u c t a n d t h e n p l a c e d in s u s p e n s i o n c u l t u r e to i n d the cornified envelope (Rice & Green, 1979) , a structure formed beneath the plasma membrane of human epidermal keratinocytes at the end stage of terminal differentiation. In culture on plastic, all suprabasal differentiating human squamous epithelial cells express involucrin. Results shown in Fig. 2 are representative of three separate experiments, the data from which are summarized in Table 1 . SCC12F cells harvested prior to induction of terminal differentiation contained an average of 5 % involucrin-positive cells, which increased to 36% 72 h post-induction of terminal differentiation. CAT activity following transfection of SCC12F cells with the -2 2 1 Zp CAT construct was found to increase during induced terminal differentiation such that, on average, a 6-fold increase in percentage acetylation was observed when values at the 0 and 72 h time points were compared. CAT activity was not detected in ceils transfected with the B S -C A T construct, either before or following induced terminal differentiation.
u c e t e r m i n a l d i f f e r e n t i a t i o n . C A T a c t i v i t y w a s assessed b e f o r e a n d a t v a r i o u s t i m e s d u r i n g i n d u c e d d i f f e r e n t i a t i o n . I n v o l u c r i n e x p r e s s i o n w a s u s e d t o assess t h e d i f f e r e n t i a t i o n s t a t u s o f t h e S C C 1 2 F cells a n d w a s v i s u a l i z e d b y i n d i r e c t i m m u n ofluorescence. I n v o l u c r i n is t h e m a j o r p r o t e i
To ensure that the 6-fold increase in -2 2 1 Zp CAT activity observed following 72 h in suspension culture was not simply due to an increase in activity with time in culture as opposed to an increase due to induced terminal differentiation, a parallel set of experiments was set up in which the SCC12F cells were allowed to remain attached to the culture dish following transfection with -2 2 1 Zp CAT as opposed to being placed in suspension culture for 72 h. The experiment was repeated three times and representative results are shown in Fig. 3 . Involucrin expression remained virtually constant over the course of the experiment whereas -2 2 1 Zp CAT activity varied in a manner expected during a transient transfection e x p e r i m e n t -8 % acetylation 24 h post-transfection in- creased to 14 % at 48 h and thereafter declined to 2 % at 96 h. B S -C A T activity was undetectable. These results indicate that the increase in -2 2 1 Zp activity observed following culture in suspension was in response to epithelial cell differentiation.
Differentiation responsive sequences reside in the region of Zp from -86 to + 12 bp
In order to define the differentiation responsive region within -221 Zp a number of deletion mutants of -221 Zp CAT were transfected into SCC12F cells and CAT activity assessed before and after induction of terminal differentiation. The data from these experiments are summarized in Table 1 , and representative results of three experiments are shown in Fig. 4 . When -1 0 5 Zp CAT was transfected into SCC12F cells average percentage acetylation was 0"9% before culture in suspension and rose approximately 6-fold to 5.6 % after 72 h in suspension. When results with the -221 Zp CAT and -1 0 5 Zp CAT constructs were compared, similar increases in percentage acetylation were observed following culture in suspension; however, absolute percentage acetylations were approximately 5-fold lower when the -105 Zp CAT construct was transfected into SCC12F cells. When SCC12F cells were transfected with -8 6 Zp CAT and CAT activity assessed before and following suspension culture, results very similar to those obtained with the -1 0 5 Zp CAT construct were obtained. Average percentage acetylation at time 0 was 0-7 % and rose approximately 7-fold to 5" 1% after 72 h in suspension-statistical analysis using Student's t-test indicated no significant difference between the results obtained with the -1 0 5 Zp CAT and -8 6 Zp CAT In all experiments carried out, involucrin expression remained virtually constant over the course of the experiment, whereas C A T activity varied in a m a n n e r expected during a transient transfection experiment, i.e. percentage acetylation reached a p e a k at 48 h post-transfection ( 2 % for the -1 0 5 Z p C A T constuct and 1.2 % for the -86 Zp C A T construct) and thereafter declined to 0"3 % for b o t h the -105 and the -8 6 Z p C A T constructs at 96 h (data not shown). B S -C A T activity was undetectable. These experiments indicate that the increase in -105 and -86 Zp activity observed following culture in suspension was in response to epithelial cell differentiation as o p p o s e d to an increase in activity with time in culture. W h e n the -6 5 Z p C A T construct was transfected into S C C 1 2 F cells C A T activity was undetectable b o t h before and after induction o f terminal differentiation ( Fig. 4c and Table 1 ). In all experiments described above C A T activity following transfection o f SCC 12F cells with B S~2 A T was undetectable. These results indicate the presence o f a differentiation-responsive element(s) in the region from -8 6 to + 1 2 b p and the presence o f enhancing sequences between -221 and -86 bp.
D i s c u s s i o n
There is m o u n t i n g evidence to suggest that EBV gene expression is linked to differentiation o f epithelial cells. Studies carried out by J . W . Sixbey and co-workers L. Karimi, D. H. Crawford, S. Speck and L. J. Nicholson (Sixbey et al., 1983; Sixbey, 1989) have shown EBNA expression in undifferentiated epithelial cells and expression of lyric cycle antigens in differentiated cells. In a more recent study by Li et al. (1992) epithelial cells were transfected with a B lymphocyte EBV receptor, infected with EBV and EBV gene expression assessed before and after induced epithelial differentiation: EBNA-1 and EBERS 1 and 2 were expressed in the mainly undifferentiated epithelial population whereas the lytic cycle antigens, BZLF1, EA-R and VCA were expressed in populations induced to terminally differentiate.
There have been few studies to investigate regulation of EBV gene expression in epithelial cells, particularly in the biologically relevant human squamous epithelial cell. The EBV gene, BZLF1, is of particular interest as activation of BZLF1 transcription has been shown to be one of the first events in the lytic cascade in B cells (Countryman & Miller, 1985; Chevallier-Greco et al., 1986; Takada et al., 1986) . Regulation of the promoter for the BZLF1 gene (Zp) has been investigated in the cervical epithelial cell line HeLa, a line known to contain human papillomavirus sequences (Schwarz et al., 1985) . Work carried out by Urier et al. (1989) has demonstrated the presence of two Zta-responsive elements and Montalvo et al. (1991) have identified a negative regulatory element within Zp.
The aim of the present studies was to investigate regulation of Zp in a human squamous epithelial cell line, SCC12F, a line that differentiates and stratifies to a near normal extent in culture (Rheinwald & Beckett, 1980) . We have shown that -221 Zp is active in SCC12F cells and that activity increases approximately 6-fold upon epithelial terminal differentiation. The 6-to 7-fold increase in CAT activity following induced epithelial differentiation when either the -221, -105 or -86 Zp CAT constructs were transfected into SCC12F cells indicates that the sequences responsive to epithelial cell differentiation are contained within the region of Zp from -86 to + 12 bp. In addition, the 5-fold decrease in CAT activity (relative to activity detected when the -221 Zp CAT construct was used) observed when either the -105 or the -86 Zp CAT constructs were transfected into SCC12F cells indicates the presence of enhancing sequences within the region -221 to -86 bp. TPA-inducible elements within this region (the Z1 repeats: Flemington & Speck, 1990a) have been demonstrated in B cells, and it is possible that these elements are also involved in enhancing activity of -221 Zp in SCC12F epithelial cells.
The mechanism whereby -221 Zp activity increases with differentiation of SCC12F cells is not known, but must be due to the presence of a differentiation-specific cellular factor or factors, as these experiments were carried out in the absence of any EBV gene products. The cellular factor(s) may act as a repressor in undifferentiated epithelial cells which is lost or unable to bind to its binding site upon differentiation or the factor(s) may become available for binding only upon differentiation of epithelial cells. These alternatives are currently being investigated.
The differentiation-responsive region defined in this report has previously been shown to contain an AP-1-like binding site, referred to as the ZII domain (Flemington & Speck, 1990a) , and studies are currently underway to determine activity of the ZII domain and mutants of the ZII domain in undifferentiated and differentiated SCC12F cells.
The -221, -105 and -86 Zp CAT constructs were all active in the epithelial populations enriched for the undifferentiated phenotype. This activity may be due to low level constitutive expression of these constructs in undifferentiated epithelial cells or due to higher level activity within the small percentage of differentiated epithelial cells present. Resolution of this issue will become particularly important if the BZLF1 gene product, Zta is found to play the same vital role in triggering the lyric cycle in epithelial cells as it does in B lymphocytes.
